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A series of new polycyclic-fused isoxazolo[5,4-b]pyridines were obtained by a one-pot tandem reaction
under microwave irradiation in water. Without any use of additional reagent or catalyst, the synthetic protocol
represents a green one and makes this methodology suitable for library synthesis in drug discovery efforts.

Introduction

One of the main challenges in medicinal chemistry is the
design and synthesis of biologically active molecules. The
discovery of high-throughput screening (HTS) has tremen-
dously increased the need for new testing compounds. In
recent decades, combinatorial chemistry,1-5 a technique that
allows for the synthesis of large numbers of molecules, has
changed the nature of chemical discovery.

Small-molecule combinatorial libraries are powerful tools
for the interfacing of chemistry with biology because small
molecules often have the ability to selectively manipulate
the activity of biological systems.6 Isoxazole is one of
important heterocyclic units, which has been widely used
as a key building block for pharmaceutical agents. Its
derivatives are endowed with many pharmacological proper-
ties, such as hypoglycemic, analgesic, anti-inflammatory,
antibacterial, anti-HIV, and anticancer7 activity, as well as
useful activities in conditions like schizophrenia, hyperten-
sion, and Alzheimer’s disease.8 In addition, they also have
agrochemical properties including herbicidal and soil fun-
gicidal activity, thus they have been used as pesticides and
insecticides.9 Among the derivatives of isoxazole, isoxazol-
opyridine has evoked people’s interest and concern because
it showed muscle relaxant, anticonvulsant, and CNS depres-
sant activities.10 To the best of our knowledge, modification
and synthesis of polycyclic-fused isoxazolopyridine has never
been reported. Thus synthesis of structurally diverse isox-
azole-based11 small molecules is of great significance.

Now, with growing concern over the environmental impact
of chemicals, cleaner green reaction conditions in synthetic
processes have been advocated. The tight legislation to
maintain greenness requires us to prevent the generation of
waste, avoid use of auxiliary substances (e.g., organic
solvents, additional reagents), and minimize the energy
requirement.12 In addition, reactions in aqueous medium have
gained considerable momentum.13-15

As a continuation of our interest in green synthesis and
our previous work16 on the preparation of small heterocyclic
with interesting biological properties, herein we report a
green, one-pot, efficient synthesis of novel polycyclic-fused
isoxazolo[5,4-b]pyridines under microwave irradiation in
water (Scheme 1).

Results and Discussion

The choice of an appropriate reaction media is of crucial
importance for successful microwave promoted synthesis.
Initially, the three-component reaction of 4-fluorobenzalde-
hyde 1a (1 mmol), 3-methylisoxazol-5-amine 2 (1 mmol),
and tetronic acid 3 (1 mmol) was investigated to establish
the feasibility of the strategy and optimize the reaction
conditions; reaction temperature and different solvents
(including ethylene glycol, ethanol, HOAc and water) were
screened in the model reaction. All the reactions were
proceeded at 90 °C and 200 W. The results were shown in
Table 1, water showed a superior advantage not only in
promoting the reaction but also in isolation procedure, and
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Scheme 1

Table 1. Optimization of Reaction Conditions in the Synthesis
of Compound 4a

entry solventa T (°C) time (min) yieldb (%)

1 ethylene glycol 90 10 43
2 ethanol 90 11 54
3 HOAc 90 10 57
4 H2O 90 10 65
5 H2O 100 9 81
6 H2O 110 7 89
7 H2O 120 6 91
8 H2O 130 6 88

a The volume of solvent is 2.0 mL. b Isolated yields.
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the best yield was achieved (Table 1, entry 4). Thus water
was employed as the reaction media for the following
reactions.

To further optimize reaction conditions, similar test was
carried out at temperatures ranging from 100 to 130 °C, with
an increment of 10 °C each time. The yield of product 4awas
increased and the reaction time was shortened as the temperature
increased from 100 to 120 °C (Table 1, entries 5-7). However,
further increase of the temperature to 130 °C failed to improve
the yield (Table 1, entry 8). Therefore,
120 °C was chosen as the most suitable reaction temperature
for substituted aromatic aldehydes to take part in reactions.

Under the conditions described above [H2O, 120 °C, 200W
(maximum power)], the scope of these MCRs was examined

(Table 2). A range of novel valuable structures of 4 were
synthesized in good to excellent yields by simply microwave
heating. The results are summarized in Table 2. Aromatic
aldehydes bearing both electron-withdrawing group (EWG)
and electron-donating group (EDG) proceeded smoothly in
this reaction and afforded the desired derivatives. However,
when the aliphatic aldehyde was applied to this reaction, no
expected product was obtained.

Subsequently, another active methylene compound, 1,3-
indanedione was examined as the replacement of tetronic
acid in the reaction with aromatic aldehydes and 3-methyl-
isoxazol-5-amine (Scheme 2). To our delight, under the
optimized conditions described above, another series of
isoxazolo[5,4-b]pyridines 6 were easily generated (Table 2).

Table 2. Synthesis of Compounds 4 and 6 under Microwave
Irradiation Conditions

entry products Ar time (min) yielda (%) mp (°C)

1 4a 4-FC6H4 6 91 230–232
2 4b 3,4-OCH2OC6H3 6 88 272–275
3 4c 3,4-(CH3O) 2C6H3 6 90 209–212
4 4d 3,4,5-(CH3O) 3C6H2 6 86 205–208
5 4e 3-NO2C6H4 5 88 187–188
6 4f 4-OH-3-NO2C6H3 3 89 249–252
7 4g 4-CH3OC6H4 5 91 231–233
8 4h 3-FC6H4 7 84 151–153
9 6a 4-FC6H4 6 88 254–257
10 6b 4-ClC6H4 5 90 272–276
11 6c 4-BrC6H4 5 93 267–270
12 6d 4-CH3OC6H4 7 91 212–214
13 6e 4-CH3C6H4 8 90 254–257
14 6f 2,4-Cl2C6H3 6 89 260–262
15 6g 2-ClC6H4 7 92 233–235
16 6h 3-NO2C6H4 6 94 287–290
17 6i 3,4-OCH2OC6H3 8 92 278–280
18 6j 3,4-(CH3O) 2C6H3 6 89 228–230

a Isolated yields.

Scheme 2

Scheme 3

Table 3. Synthesis of Compounds 8, 10, and 12 under
Microwave Irradiation Conditions

entry products Ar time (min) yielda (%) mp (°C)

1 8a 4-FC6H4 7 93 204–207
2 8b 4-ClC6H4 7 95 235–237
3 8c 4-BrC6H4 6 95 238–241
4 8d 2,4-Cl2C6H3 6 92 190–191
5 8e 4-NO2C6H4 6 90 200–202
6 8f 3-NO2C6H4 7 90 208–211
7 8g 4-OH-3-NO2C6H3 6 87 203–206
8 8h 4-CH3C6H4 9 94 195–196
9 8i 4-OCH3C6H4 9 94 195–198
10 8j 3,4-OCH2OC6H3 8 92 189–190
11 8k C6H5 9 90 182–184
12 8l 2-FC6H4 8 93 194–195
13 10a 4-FC6H4 4 85 216–218
14 10b 4-ClC6H4 4 87 272–274
15 10c 4-BrC6H4 4 87 272–275
16 10d 4-NO2C6H4 3 89 235–238
17 10e 2,4-Cl2C6H3 4 86 231–233
18 10f 4-CH3C6H4 6 86 246–248
19 10g 4-CH3OC6H4 6 88 171–173
20 10h 3-NO2C6H4 5 83 173–176
21 12a 2,4-Cl2C6H3 5 84 265–267
22 12b 4-CH3OC6H4 6 92 218–222
23 12c 3,4-(CH3O)2C6H3 6 90 253–256
24 12d 3,4,5-(CH3O)3C6H2 6 90 245–248
25 12e 4-BrC6H4 4 95 228–230
26 12f 4-CH3C6H4 6 93 226–229

a Isolated yields.
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To be a safe, readily available and environmentally friendly
solvent, water appears to be a popular reaction medium
because of its nontoxic, noncorrosive and nonflammable
nature.17 Under microwave (MW) irradiation, water is rapidly
heated to high temperatures, and act as a less polar pseudo-
organic solvent.18 So microwave-assisted organic reaction
in water has become an important research area.19

With the desired products can be easily obtained, we set
out for the study of more challenging examples. As a check
of the versatility of our method, its application to the

preparation of other polycyclic-fused isoxazolo[5,4-b]py-
ridines was studied (Scheme 3). The results are summarized
in Table 3.

Under the above-mentioned same reaction conditions, all
the reactions proceeded smoothly. It is worthy of noting that
this chemistry offered the 1,4-dihydropyridines (1,4-DHPs)
12, which went no further to dehydrogenation, when cyclo-
hexane-1,3-dione take part in the reaction. This is still a
puzzle to us, and further efforts are underway to clarify this
reason.

Scheme 4. Possible Mechanism for the Formation of Products 4, 6, 8, 10, and 12

Figure 1. ORTEP drawing of 4g.20 Figure 2. ORTEP drawing of 10b.20
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The products were characterized by IR, 1H NMR, 13C
NMR, and HRMS. Furthermore, the structures of 4g and
10b were established by X-ray crystallographic analysis
(Figure 1 and Figure 2).20

Proposed Reaction Mechanism. Although the mechanism
of the reaction has not yet been established, a possible
explanation is proposed in Scheme 4.

The reaction might proceed via sequential condensation,
addition, cyclization, and elimination. First, a condensation
between 1,3-dicarbonyl compounds A with aldehydes 1 to
afford intermediate B. The Michael addition of B with
3-methylisoxazol-5-amine 2 would then furnish the inter-
mediate product C, which isomerized to D. When the 1,3-
dicarbonyl compound is Meldrum’s acid, the intermediate
product D subsequently underwent intramolecular cyclization
and then released acetone and carbon dioxide to give
compounds 8. Another case is that, when the rest 1,3-
dicarbonyl compounds take part in the reactions, the inter-
mediate product D then underwent dehydration and dehy-
drogenation to generate the target products 4, 6, 10, and 12.

Evidence supporting this proposed mechanism was pro-
vided by the following reaction (Scheme 5).

To our delight, under the same reaction condition, the
expected product was obtained in a yield similar to that
obtained in the one-pot reaction.

Conclusion

In brief, a convenient, clean, and efficient method was
developed for the generation of polycyclic-fused isox-
azolo[5,4-b]pyridine, which may present potential biological
activities. These compounds were prepared in water, an
excellent solvent in terms of environmental impact and with
reduced waste production. In addition, the procedure offers
several advantages, including operational simplicity, and
increases safety for small-scale high-speed synthesis, which
makes it a useful and attractive process for library generation
in drug discovery efforts.
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